The new experiment on P and T violation with ultra-cold neutrons:
Electric field diagnostics via Kerr effect in liquid helium
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A new experiment searching for the P- and T-violating elec-and 2p levels, lead to the resultiqe = 1.7 x 10720 (cm/V)2.
tric dipole moment (EDM) of the neutrom,, that will be A direct measurement &€, 4o has been set up in our labora-
based at LANL is currently being developed [1]. The possibletory at Berkeley. The apparatus includes a punthée cryo-
existence of a neutron EDM of a measurable magnitude is oftat with optical-access, which achieves temperaturesdow
fundamental importance, as it directly implies physicsdrey 1.3 K. We apply electric fields up to 100 kV/cm to a pair of
the Standard Model and may provide clues to an explanatioalectrodes in the cryostat sample space. The Kerr-inddeed e
of the baryon asymmetry of the Universe [2]. The goal is alipticity is determined with a modulation polarimeter imeo
two orders of magnitude improvement of the sensitivity overporating a 780 nm diode laser and two polarizers with the
the present limit ofd,| < 0.63x 10~2°e.cm [3]. cryostat and a photo-elastic modulator (PEM) between them.

Briefly, the experimentinvolves forming a three-component_ock-in detection of the transmitted light intensity at tAEM
fluid of ultra-cold neutrons and polarizéHe atoms in a bath frequency of 50.2 kHz measures the ellipticity of the light
of superfluid*He at a temperature of 300 mK. The ultra-cold passing through the cryostat with sensitivityL0~’ rad.
neutro!ls are loaded into the neutron trap by downscattering We have tested the apparatus by measuring the Kerr con-
of 8.9 A neutrons in the superfluftHe phonon-recoil process stant of liquid nitrogenKn2 = (4.2 0.1) x 10718 (cm/V)?,
[4]. Placed in an external magnetic fieB] both the neutron  \which agrees with the previously published results [5].-Pre
and the®He magnetic moments precess in the plane perpeniminary results forK e have also been obtained (which are
dicular toB. When a strong electric fiel& parallel or anti-  in agreement with our theoretical estimate). We are présent
parallel toB is applied, the precession frequency of the neumeasuring< e as a function of temperature. Here the be-
tron dipole moment changes if the EDM is non-zero. Thehavior of the Kerr constant near the superfluid transitioofis
measurement of the neutron EDM comes from a precisioparticular interest.
measurement of the difference in the precession frequ_xanme This work is supported in part by a Berkeley-LANL CLE
of the neutrons and théHe atoms (which have essentially grant. We are grateful to Seamus Davis for cryogenic exper-
zero EDM) asE s reversed. ThéHe atoms serve three func- e 16 Alex Vaynberg for skillfully crafting parts of theppa-
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difference in precession frequencies of neutronsiel and

serve as a co-magnetometer measuiingtu the magnetic
field B. For more details see [1].
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L . . ) ] See the EDM Collaboration web page:
Kerr effect in liquid helium to accomplish this task. Under http://p25ext lanl.gov/edm/edm.htm|
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